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a b s t r a c t
Experimental values of the Gibbs free energies of hydration for a set of nonpolar or very slightly polar
compounds are analyzed in order to investigate how does the hydrophobic effect depend on molecular
structure and shape. The contribution due to the hydrophobic effect is evaluated using a method we sug-
gested previously. A number of values of the Gibbs free energies of solvation in dimethyl sulfoxide and in
hexadecane, which are required for calculation, were determined by gas chromatographic headspace
analysis. It is found that the Gibbs hydrophobic effect energy is linearly dependent on characteristic
molecular volume for a large variety of solutes with branched and unbranched carbon chains, different
functional groups and atomic composition. Molecular structure and shape do not signiﬁcantly affect
the hydrophobicity of chemical species, and molecular volume is a main factor determining it.
 2010 Elsevier Ltd. All rights reserved.
1. Introduction
The hydrophobic effect is being intensively studied using both
theoretical and experimental methods [1–3]. One of the important
questions is how the structure of a molecule relates to its
hydrophobicity.
Thermodynamic functions of hydration of solute A DhydrfA
(f = G, H, S) are greatly inﬂuenced by the hydrophobic effect. Their
experimental values are a good starting point to analyze this phe-
nomenon using various models of hydration. Alternatively, one can
study hydration of idealized objects such as hard particles in com-
puter simulations. The energy of hydration of a hard particle is the
cavitation energy of water. Using Monte-Carlo methods [4] and
information theory approaches [5], it was shown that the Gibbs
free energy of hydration of relatively small hard spherical particles
is proportional to the volume of a particle (for molarity-based stan-
dard states). The study of hydration of non-spherical hard particles
with different shape [6] also showed that the Gibbs free energy of
hydration is primarily governed only by the volume of a particle.
Real solutes behave very differently from hard particles. A plot
of the Gibbs free energies of hydration versus molecular or molar
volumes of real solutes cannot be approximated by a single curve
[7]: different classes of nonpolar solutes (e.g. alkanes, arenes, and
noble gases) lie on different straight lines with different slopes
and intercepts. This is because real solutes engage in different de-
grees of intermolecular interactions with water. For solutes with-
out the ability of hydrogen-bonding or donor–acceptor bonding,
these interactions are called nonspeciﬁc interactions. Their energy
is dependent on solute structure.
The question of whether and how intermolecular interactions
inﬂuence the hydrophobicity of real molecules has not been an-
swered. It is necessary to analyze the values of DhydrfA using
some extrathermodynamic model in order to distinguish the ef-
fects caused by the hydrophobic effect from those caused by
nonspeciﬁc interactions. In the present work, we report a ther-
modynamic analysis of experimental Gibbs free energies of
hydration for a number of nonpolar compounds to investigate
how does the hydrophobic effect depends on molecular structure
and shape.
2. Methodology
Recently, we suggested [8] that a dramatic difference between
magnitudes of the Gibbs free energy of hydration of nonpolar sol-
utes and their Gibbs free energy of solvation in ‘regular’ solvents
can be expressed in terms of the Gibbs energy of the hydrophobic
effect, Dh.e.GA. The Gibbs free energy of hydration can be consid-
ered as the sum of the Gibbs energy of the hydrophobic effect
and the Gibbs nonspeciﬁc hydration energy, Dhydr(nonsp)GA. Here
and below the energies are at T = 298 K; the molar fraction scale
of concentration is used and the standard pressure is 1 bar. The last
quantity can be calculated using a general empiric equation for the
Gibbs nonspeciﬁc solvation energy, which has been shown [9] to
be correct for various non-associated solvents. This equation is gi-
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